Eight measurement campaigns for the characterization of atmospheric aerosol properties were conducted from 2001 until 2008 at five sites located in the Western Mediterranean basin. Radiometric measurements were used to obtain Aerosol Optical Depth, Angström parameters, and aerosol size distributions, allowing differentiation of background conditions from anthropogenic, marine, or Saharan dust aerosol advection. The analysis was focused on the study of optical and physical properties variation of atmospheric aerosols under Saharan outbreaks. Dust-affected data were analysed all together, independently from the measurements site, thus allowing the highlighting of similarities and differences among them. The scatter-plotÅngström exponent versus AOD at 780 nm shows a correlation among all dust data, while an overlapping region with no-dust data reveals the simultaneous presence of mineral, anthropogenic, and marine particles. Daily averaged volume size distributions can be unimodal or bimodal functions and one three-modal distribution, with a coarse mode generally prevailing. Finally, considering the ratio of small/large particles n s /n l and plotting the corresponding histogram for all dust data, a sharp frequency distribution is obtained with 89% of data in the range 5-65, while 89% of no-dust data extend from 5 to 135, in spite of different sources, pathways, and arrival sites.
Introduction
Atmospheric aerosols are one of the main sources of uncertainty in estimating Earth's radiation budget. This is due not only to the variability (in amount and composition) of locally produced particles but also to the nonnegligible transport phenomena, as highlighted in many recent studies such as Formenti et al. [1] , Pace et al. [2] , Meloni et al. [3] , Kalivitis et al. [4] , and Santese et al. [5] .
The Western-Central Mediterranean basin, as well as its Eastern part, represents an area of crossing air masses originating in widely varying regions such as North-East and North-Central Europe, Atlantic Ocean, South-West Europe, and North Africa. In past years, some studies describing aerosol properties over this region (AladosArboledas et al. [6] , Esposito et al. [7] , Lyamani et al. [8] ) have been published. In general, atmospheric particles can cause positive or negative feedback in the energy budget, depending on their chemical composition but, reducing solar radiation penetration toward the Earth's surface, they can also lead to a reduction in the evaporation of the Mediterranean sea. As a consequence, as described by Lelieveld et al. [9] , a strong precipitation depletion can be observed, implying extreme consequences for such a highly populated area. On this subject, it must be reminded that even IPCC in 2007 (http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4 syr .pdf) noticed that in the period 1900-2005 precipitation declined over the Sahel and the Mediterranean, and, since 1970, drought has been covering an even wider area.
Among the species of atmospheric particles, mineral dust represents one of the main component, whose optical and physical properties have to be investigated not only for its influence on Earth radiation budget but also for its relevant effect on air quality. In fact, its contribution to PM10 level limit exceedances cannot be disregarded, due to 2 Advances in Meteorology the even more frequent penetrations in European countries of dust aerosol coming from North Africa. For this reason, there is a strong need to properly estimate its contribution to the aerosol loading, as a natural contribution for air quality evaluation by European Union Member States, as stated in the "Guidance for State Members on PM10 measurements and the inter-comparison with the reference method" (http://ec.europa.eu/environment/air/pdf/finalwgreporten .pdf).
Moreover, dust effects on human health have to be taken into account because, in large cities, Aeolian dust particles can interact with anthropogenic aerosol, amplifying the effects of anthropic pollution. Perez et al. [10] investigated the effect of exposure to PM10 and PM2.5 on daily mortality in Barcelona, also in relation to particles composition: a difference between dusty and no-dusty conditions was found.
In past years, different instruments (radiometers, lidar, gravimetric particles samplers) and measurement configurations (ground-based, aircraft, and satellite) have been used to collect datasets describing mineral particles' physical and optical properties. According to their scope, measurements can furnish long-term data such as in AERONET (global Aerosol Robotic Network) (described by Kubilay et al. [11] , Kalivitis et al. [4] , Gobbi et al. [12] , Santese et al. [5] , and Kim et al. [13] ) or short-term data for dedicated campaigns (Smirnov et al. [14] , Lyamani [15] , and Pavese et al. [16] ). Although there have been progresses deriving from important campaigns (NAMMA, SAMUM, etc.), realised in dust-source regions for the characterization of dust properties, there is still a concern related to the variation of mineral aerosol properties during their transport. Formenti et al. in 2011 [17] urge, for future work, to focus scientific interest toward the variation of mineral dust properties when it moves far from the source site.
This paper aims to improve the knowledge on mixing effects of transported dust and atmospheric aerosols, thus partially satisfying this request. In this context, a study based on the analysis of eight radiometric datasets obtained in five different sites located in the Western Mediterranean area (Minimum Latitude 37.9
• , Maximum Latitude 40.60
• , Minimum Longitude −3.61 • E, Maximum Longitude 15.72 • E) is discussed. Three of them can be considered as definitely rural, one is very weakly affected by anthropogenic activities, while the other one is an urban site.
Two main objectives have been pursued. First, the variations of aerosol optical and physical properties under the intrusion of mineral particles, as derived by high spectral resolution measurements of visible solar irradiance, are described.
The second objective is to group all data classified as dust affected in a sole global dataset and to look for similarities and/or discrepancies among them. In other words, we have considered and analysed the possibility that, in spite of the different characteristics of the measurement sites and their background aerosols, data representative of transported mineral particles properties show some common optical or physical behaviour or are each other correlated, thus giving further support to the comprehension of the transport phenomena effect on dust particles.
The Experiments
Ground-based sun photometry is recognised as a powerful technique to investigate optical and microphysical aerosol properties. In fact, spectral Aerosol Optical Depth (AOD) and Aerosol Size Distributions are two of the key parameters describing atmospheric particles and are useful to follow the evolution of aerosol characteristics, independently of their prevailing component as can be found in Toledano et al. [18] and Ilyinskaya et al. [19] .
Experimental Set-Up.
The eight campaigns for direct visible solar irradiance measurements involved in this study span, not continuously, a wide time period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . They have been realized by using three different highresolution spectrometers: firstly, a Monolight radiometer equipped with a diffraction grating and a silicon detector, working on the spectral range 400 nm-800 nm and 3 nm of resolution. The other two instruments are an Avantes and an Ocean Optics radiometer whose core is a CCD (ChargeCoupled Device) detector, both covering the wavelengths range 400 nm-800 nm with resolution 1.5 nm. All three spectrometers are coupled, via wave-guide, with a light focusing system whose FOV is 1
• . This solution ensures that diffuse solar radiation does not affect direct solar spectra. Direct solar irradiance measurements are usually collected every 15 minutes, in cloudless conditions, from sunset to sunrise. The equipment is manually operated and the measurements can be considered unaffected by visible clouds passage. The presence of subvisible and cirrus clouds are taken into account in the data preprocessing phase, as explained in the following.
Data Processing.
For each measurement campaign the radiometers have been previously calibrated in the proper site and atmospheric conditions according to the Langley procedure. The Aerosol Optical Depth is estimated over the spectral range 400 nm-800 nm from Total Optical Depth, subtracting both Rayleigh and Chappuis ozone contributions and avoiding the strong molecular bands (oxygen and water vapour). The ozone optical depth correction in the weak Chappuis band is calculated by using daily values of the ozone content, as derived from the TOMS website (http://toms.gsfc.nasa.gov/eptoms/ep.html). The AODassociated error has been statistically calculated, as described in Esposito et al. in 2003 [20] . In particular, considering AOD at 500 nm values, an error ranging from 1.5% to 10% has been estimated for Monolight radiometer, while for both Avantes and Ocean Optics the error variation range is 1%-10%. It must be pointed out that for all instruments, data with an error higher than 10% have not been included in the analysed dataset. Estimations of theÅngström parameters α and β are obtained by a best-fit procedure applied to all spectral AOD values. Considering the entire dataset, the percentage error on α values oscillates around 2% with very few data with percentage errors as high as 10%. Although the instrument is manually operated, even data affected by external noises such as thin invisible cirrus can be recorded.
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For this reason measurements analysed in the present work have been selected from a wider dataset. In fact, AOD spectra whose values exceeded their corresponding best-fit values more than 20% have been excluded. In this way, data out of two standard deviations have not been analysed. The whole procedure is described in detail in Esposito et al. [7] .
The list of parameters used to describe aerosol optical properties variation is completed by the Aerosol Size Distribution, expressed as dV(r)/d(ln r) (cm 3 /cm 2 ). The inversion procedure applied to the AOD data for size distribution retrieval is a Twomey-modified nonparametric technique with a second derivative regularization, tested and discussed in Amato et al. [21] . Shortly, two points about it have to be remembered: first, the retrieval process is an iterative one and, applied to the measured AOD in the wavelengths range 400 nm-800 nm, gives back size distributions on the radii range 0.1 μm-3 μm, where the technique has been found much more reliable and, at the same time, where Saharan dust particles can be easily detected. The second point is that a Junge function is used as a first guess of the procedure, with fixed refractive index 1.45 + 0.0 i. This last choice does not invalidate our results because, as verified in the past, according to Gonzàlez and Ogren, [22] , to Alados-Arboledas et al. [6] , and to Ilyinskaya et al, [19] , even with varying real and imaginary parts of the refractive index, the shape of the retrieved functions is retained.
The uncertainties associated with the retrieved size distributions, in the size range 0.1-1.4 μm, have been estimated, on average, to be ≤5% for both low and high particles content. In the large particle range (1.6-3 μm), in the case of low aerosol loading, this error increases until 100%, while it remains below 30% for high particles loading.
Measurement Sites.
The five ground-based measurements sites are situated, respectively, three in South Italy and two in South Spain. In particular in Italy there is Tito Scalo (40.60
• N, 15.72
• E, 750 m a.s.l.) which is a very small industrial zone located in a wider rural area, about 750 m from a main road. The distances from the seas are 70 km from the Tirrenian Sea, 90 km from the Adriatic Sea, and 95 km from the Ionian Sea. Keeping in mind these considerations, locally produced aerosol can be rural, that is, uplifted soil particles, vapours emitted by a close brick-kiln, and emissions from diesel vehicles. Marineadvected particles, as confirmed by the HYSPLIT backtrajectories analysis, contribute quite often to the atmosphere composition, as well as anthropogenic particles from NorthEastern Europe, while increasing Saharan dust outbreaks can be detected during the year.
The second Italian site, called Piano Ruggio (1550 m a.s.l., 39.91
• N, 16.12 • E), is a flat area surrounded by higher peaks, situated on the Pollino massif, not so far from the seas (28 km from the Tirrenian Sea and 40 km from the Ionian Sea). It is a rural site with vegetation mainly constituted by grass and woods. During the campaign, which took place at the beginning of the 2003 heat wave, the air masses backtrajectories have been travelling from North Europe, close to the Tirrenian Sea and from North Africa.
The third site is Toppo di Castelgrande (40.82
• N, 15.45
• E, 1258 m a.s.l.), which is the highest peak in a wide rural area and for this reason it hosts an astronomical observatory. It is about 55 km from the Tirrenian Sea and 85 km from the Adriatic Sea. Its vegetation is characterised by brushwood and few shrubs. In this case, local particles production can be considered not very present, except for soil particles uplifted by the wind. In this case the air particles have been moving from North-East, Central, and NorthWest Europe.
The two remaining sites are both situated in South Spain: one is Tabernas (37.09
• N, −2.23 • E, 486 m a.s.l.), the only European desert area, whose characteristics are due to the presence of Sierra de Los Filabres and Sierra de Alhamilla which protect Tabernas from the Mediterranean Sea influence and humidity. The measurements campaign has been realized at the Plataforma Solar station and air mass paths have been found to travel from Eastern Europe or the Atlantic Ocean or the Mediterranean Sea and North Africa.
The last measurement site is Granada (37.16
• E, 680 m a.s.l.), a well-known nonindustrialized city, the capital of the Andalucia region in South Eastern Spain. Granada is a medium-sized city (about 300,000 inhabitants), protected by the Sierra Nevada mountains, located in a natural basin and 50 km from the western Mediterranean basin and 200 km from Africa. The measurement campaign took place on the roof of the Centro Andaluz de Medio Ambiente (CEAMA), at about 15 m from the ground level. Anthropogenic particles from diesel vehicle traffic characterize the local atmosphere, but occurrences of Saharan particles intrusion from North Africa have been encountered along the whole campaign.
The durations of the measurement campaigns were very different: in fact, data registered in Tito Scalo represent the largest dataset since the instruments here are usually located and it is possible to monitor aerosol properties variation on a wider time scale. Nevertheless, all the sites, except Toppo di Castelgrande, have been affected by mineral particles advection and this allows the study of the mixing effect of dust with local produced and/or other advected aerosols.
In Table 1 there is a list of each campaigns' descriptive data, with site name, corresponding geographical coordinates and elevation, instruments, campaign duration, mean, at values, and their standard deviations for AOD at 780 and alpha parameter. The complete dataset consists of about 1500 measures, distributed over 72 days of measurements.
Data Analysis

AOD andÅngström Parameters.
The biggest part of the data, independently of the site, has been mainly obtained during the summer period (June-August), with few measurements collected in the spring (April-May) and fall (September-October) seasons. An obvious reason for this is that those months are highly cloudless and allow a more continuous monitoring of the atmosphere; the other is that dust events are much more frequent during summer. In fact, as explained by Alpert et al. [23] , in July and August both the East Mediterranean area and North-Central Africa are under the subtropical high, allowing the Sharav cyclones generated at the lee of the Atlas mountains only one way to leave, which is across the West Mediterranean subbasin. This marked seasonal behaviour allows dust mineral particles to be carried and transported over the aforementioned area. The arrival of mineral particles is usually related to AOD values increasing and alpha exponent values decreasing: this occurrence has been observed by Lyamani et al. [8] , Fotiadi et al. [24] , and Pace et al. [2] .
In the present study, background conditions have been found to be different site by site but a threshold value of 0.15 for AOD at 780 nm together with alpha values lower than 1.4 could be considered as first indicators of a presence of transported mineral aerosols. To support dust intrusion hypothesis, air masses backtrajectories have been generated by Hybrid Single-Particle Lagrangian-Integrated Trajectory Model. (HYSPLIT). This tool (http://ready.arl.noaa.gov/HYSPLIT.php) is frequently used by scientists to support their studies in aerosol source identification.
To this end, 5-day back-trajectories have been generated from 500 m to 4500 m a.g.l. (above ground level), each 500 m: this choice has been suggested by di Sarra et al. in 2001 [25] which found African dust layers mainly located at 4 km a.s.l. and, sometimes, up to 7-8 km a.s.l. When available, additional tools for dusty days identification have been Navy Aerosol Analysis and Prediction System (NAAPS, http://www.nrlmry.navy.mil/aerosol/) maps, Terra, and Aqua images (http://modis.gsfc.nasa.gov/). The complexity of the atmospheric circulation often leads to situations where particles of different origin mix together: in these cases, retrieved optical and physical properties of the aerosols are attributed to one kind of particles instead of another, depending on how many and how high above the ground are the back trajectories, and how long they skim over a certain region.
Given all this, AOD values at 780 nm and their variations have been chosen as an indicator of the presence of large particles: Figure 1 (a) reports two histograms of AOD 780 , one for all no-dust measurements and the other one for dustaffected (pure and mixed dust) data only. The first histogram covers values from 0.03 to 0.39 and exhibits a main peak around 0.11 and a smaller one centred around 0.21, with overall average value 0.12 and standard deviation 0.07. The second histogram is a very broad distribution covering a value range from 0.15 to 0.57 with maximum value at 0.25: in this case the AOD average value is 0.26 with standard deviation equal to 0.09. This broadness can be explained by the different strength of Saharan dust outbreaks. Since the secondary peak of the first histogram overlaps AOD values of dust distribution, it could be expected that even those data correspond to dust aerosols but air masses pathways reveal trajectories with a high load of marine particles.
In order to have confirmation of this hypothesis, the histogram of total AOD 780 values (except dust/mixed dust points) and the one corresponding to sea-salt prevailing particles are reported in Figure 1 It must be pointed out that alpha values higher than 4 have also been considered, because theÅngström power law is a semiempirical one and departures from that are reported in the literature as in Kaskaoutis et al. [26] .
In the alpha values range 0.73-1.40 there is an overlap of dust and no-dust data. This can be explained as follows: low alpha values in no-dust distribution can be attributed to sea-salt aerosol, as partially supported by marine distribution in Figure 2(b) , or to some local wind effect of particle uplift in rural sites, such as in Tito Scalo or Tabernas. On the other hand, higher alpha values in the dust plot are due to conditions where a heavy concentration of mineral particles (high AOD 780 ) is mixed with a considerable small particle concentration (growing alpha values).
The overlapping region between dust and no-dust data is much more evident if one looks at the scatter-plot alpha parameter versus AOD 780 in Figure 3 .
Here triangles represent dust-affected data and rhombus stand for all the other kinds of particles, while the ellipse contains the overlapping area whose variation ranges are, respectively, 0.73 ≤ α ≤ 1.40 and 0.10 ≤ AOD 780 ≤ 0.24: it can be easily seen that dust points merge into no-dust points, showing a continuity of behaviour. If we consider no-dust data only, for low AOD values (less than 0.1) a fast variation in alpha is found with values as high as 4.8, meaning that in this region a variety of particulate composition is contained with prevailing small particles, both anthropogenic or fire products.
This result is in agreement, for example, with Kalivitis et al. [4] , even though their data come from a single AERONET site which is FORTH-CRETE, while our data have been collected in several sites, each of them characterised by different background conditions. Moreover, in this plot two datasets contained in no-dust data have to be noticed: one is in the area AOD 780 > 0.15 and 1 < alpha < 2; the other is in AOD 780 < 0.15 and alpha < 1.2. In the first case the points follow a kind of flat behaviour and it has been verified that these data correspond to measurements all obtained in Tito Scalo during late the springtime/summer period, but in different years. This probably means that we are dealing with data recorded in similar conditions of air masses circulation. A check with HYSPLIT-generated backtrajectories revealed both westward and eastward air flows, giving two main contributions to the atmospheric particulate which are marine (from both Adriatic and Tyrrhenian seas) and anthropogenic (from Central-Eastern Europe) aerosols, with air masses even travelling grazing the ground. This also explains the relatively high AOD values. In the second case, data under analysis come from the Tito and Tabernas campaigns whose masses' back-trajectories were essentially affected by sea-salt aerosols (West-Mediterranean basin, Adriatic Sea), by some locally produced dust and some light anthropogenic influence from the Po Valley and NorthCentral Europe, since in this case the air masses were moving not very close to the ground.
Aerosol Size Distributions.
In literature, alpha values less than 1 generally describe conditions of dust aerosol predominance. In fact, Fotiadi et al. [24] identified dust for α ≤ 0.5, Kalivitis et al. [4] for α ≤ 0.7, Dubovik et al. [27] for α ≤ 0.9, while Kim et al. [13] , in a recent study, consider pure dust aerosol characterised by α ≤ 0.2. In particular, Fotiadi et al. [24] analysed aerosol properties from the AERONET station in Crete computing the alpha parameter from AOD at 440 and 880 nm. These wavelengths correspond to the spectral range used in the present study (400-800 nm) where alpha values ≤ 0.5 will describe measurements with intense dust intrusions, while α > 0.5 will characterize conditions with dust mixed with sea-salt and/or anthropogenic aerosols.
In Due to the arrival of desert air-masses, a well-defined coarse mode would be expected. Instead, the averaged size distributions are still unimodal but centred toward coarse particles: as an example, on June 26, an increasing particle volume in the size range 0.28 μm-2.80 μm, if compared with background conditions, can be observed. Considering that this site is located in a natural park at 1550 m a.g.l., the contribution of locally produced aerosol can be certainly excluded and, according to the backtrajectories, it can be assumed that different particles have been uplifted at different heights: mineral aerosol at higher levels and marine aerosol at lower levels.
The bimodal size distribution (October 4, Tito 2001) exhibits a second mode maximum at 0.94 μm, which is in agreement with the second mode obtained by Kubilay et al. The Granada campaign has been characterised, even if with different intensity, by mineral particles intrusion for the largest part of its duration, as once again supported by HYSPLIT back-trajectories. The days of high mineral particle content (July, 15th, 17th, and 19th) are characterised by the following daily mean alpha values which are, in order, 0.39 ± 0.07, 0.29 ± 0.09, and 0.38 ± 0.07. Corresponding daily mean size distributions cannot be considered as clear bimodal functions: in particular, on July 17 an inflection point at 0.48 μm can be identified with the coarse mode centred at high radius values (>2 μm). The shape of these functions thus suggests a contribution at volume fine particles originating in urban vehicular traffic and in some smoke in the neighbourhood shown by NAAPS maps, particularly for July 17. The extended coarse mode found on July 17 and 19 shows a high contribution of large particles to the distributions: for these days, NAAPS maps highlight the Andalucia region as much more affected by dust mineral intrusion than others.
The three-modal distribution obtained in Tito on May, 28th 2008 can be considered unique among the wide family of functions retrieved so far: the first mode can be identified with the accumulation mode (r ≤ 0.1 μm), the second is located around 0.55 μm, and the third one is centred at 1.86 μm. For this day, as reported in Figure 5 , the fiveday low-level backward trajectories (ending points 500 m and 1000 m) have been observed travelling over the Balkan area and this can explain the fine particles loading. All the highest trajectories (ending points 1500 m-6500 m), instead, have been crossing a very wide area of North Africa (from Mauritania to Mali and Algeria) and this accounts for large aerosol modes.
Only a specific analysis of the atmospheric aerosol composition, such as a chemical one, can help to unambiguously attribute the coarse modes to one kind of particles or another, but the longer period that air masses spent over desert areas, without an effective deposition process, can explain the broadness of the coarse modes, extended to a wider size range.
The functions corresponding to α > 0.5 and reported in Figure 4 On September 19 (INDALO campaign), the retrieved function is still unimodal and, if compared with a distribution characteristic of Tabernas background conditions, shows higher values on the overall radii range and an increment of the volume particles in the size range 0.36 μm-1.23 μm. On September 21, it seems that two branches of two modes (fine and coarse) can be identified: in this case HYSPLIT back-trajectories highlight low-level paths strongly located and flattened over Algeria and Morocco, while marine particles could have been loaded 24-36 h before their arrival in the measurements site.
NOAA HYSPLIT model
As said before, Granada measurements have been characterised by two main components: large mineral particles from North Africa and fine anthropogenic aerosols locally produced by vehicular traffic. The mixing effect of these components can change hour by hour and the retrieved size distributions, during the same day, can correspond to both alpha values ≤ 0.5 and >0.5. This explains why on July 17, for example, size distributions belong to both groups. To sum up, daily averaged distributions can be approximated by unimodal functions except the one retrieved on July 19 when an inflection point can be identified around 0.48 μm: in this case α = 0.56 ± 0.04.
The distribution retrieved during Tito, 2008, on June 25 can be considered as bimodal with fine mode maximum at 0.21 μm and a less pronounced coarse mode with maximum at 1.08 μm. As verified by Calvello et al. [28] , this is a typical case of particles mixing of different origin: in fact, anthropogenic particles coming from the Po valley have been loaded by the lowest paths (500 m-1500 m a.g.l.), while the highest ones (3500 m-4500 m a.g.l.) have been moving for about three days very close to North African soil (Algeria, Morocco). Moreover, NAAPS maps highlight both dust and smoke clouds over the campaign site. Finally, some consideration should be given to the parameter n s /n l which represents the ratio small/large particles and was also used in the past by Lyamani et al. [8] as an indicator of mineral aerosol presence. In this study small particles fall in the size range 0.1 μm ≤ r ≤ 0.27 μm (n s ) while large ones in 0.27 μm < r ≤ 3 μm (n l ). In Figure 6 the n s /n l histograms, for all transported dust and no-dust data, are shown. Even in this case, in spite of different measurement sites and different aerosol size distributions, 89% of all dust data are distributed between 5 and 65 with a maximum at n s /n l = 15, whilst no-dust data exhibit a maximum at n s /n l = 55 and the corresponding 89% of the measurements are widely distributed between 5 and 135.
Conclusions
In this paper, a data set of radiometric measurements, including Saharan transported dust, has been analysed. These data come from eight measurement campaigns conducted in five sites (both urban and rural) located in the Western Mediterranean basin (South Italy and South Spain). In this study, similarities among measurements obtained across a very wide area have been looked for, thus changing the point of view of previous studies, which has been to analyse mineral aerosol parameters site by site. In particular, dustaffected data were identified when AOD 780 ≥ 0.15 and alpha ≤ 0.4. Moreover, five-day HYSPLIT-generated backtrajectories and NAAPS maps were used to support mineral particles detection. Then, grouping all these data, corresponding AOD 780 ,Ångström parameters, and aerosol size distributions were analysed and their frequency distributions were shown. The main results are the following.
(1) AOD 780 histogram for dust and mixed dust points covers the range 0.15-0.57 with a maximum at 0.25, while no-dust points extend from 0.03-0.39 with a main peak at 0.11 and a secondary peak at 0.21. This comparison highlights an overlapping region between the two distributions which is due to the advection of marine particles in no-dust histogram, as supported by HYSPLIT analysis. (2) Alpha frequency distributions for both dust/mixed dust and no-dust points are broad and extend, respectively, from 0. (5) Finally, considering the ratio of small/large particles concentration n s /n l and their frequency distribution, 89% of dust data are in the range 5-65, with a maximum at 15, while 89% of no-dust data are in the range 5-135, with a maximum at 55.
To conclude, mineral particles detected in the Western Mediterranean area show common properties, such as the shape of size distributions, or the small/large particles ratio, independently from the source regions, air-mass history, and measurement site characteristics. These common optical properties could be used to improve dust microphysical and optical parameterization in radiative transfer models.
